Design of biologically active peptides with non-peptidic structural elements. Biological and physical properties of a synthetic analogue of beta-endorphin with unnatural amino acids in the region 6-12.
Modelling studies with beta-endorphin have clearly demonstrated that an amphiphilic secondary structural segment is a salient feature of the biologically active conformation of this 31-residue opioid peptide hormone. Here, we have initiated the synthesis of peptide models using unnatural building blocks by designing a beta-endorphin analogue (peptide 6) in which the hydrophilic linker region between the NH2-terminal enkephalin (residues 1-5) and the COOH-terminal helix (residues 10-28, sequence identical to that of peptide 3 in region 13-31, Fig. 1) consists of four units of gamma-amino-gamma-hydroxymethylbutyric acid connected by isopeptidic linkages. Peptide 6 has physical properties similar to that of peptide 3, as shown by surface monolayer and circular dichroism studies. The binding affinities of the two peptides to delta- and mu-receptors are also similar. In rat vas deferens assays, the present model is equipotent to peptide 3. The most striking result of all is the potent analgesic activity displayed by peptide 6 when injected intracerebroventricularly into mice. The potencies of peptides 6 and 3 are comparable in these assays. These studies clearly illustrate that one can use unusual building blocks to construct structural regions of synthetic analogues and still preserve the biological activity of peptide hormones.